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Abstract 

Background: Organic solvents are known as a group of organic compounds, widely used in industry and to 
which many workers are exposed. Neurotoxicity is one of the most important complications of the chronic ex- 
posure to the solvents and may causes neurobehavioral disorders in workers. We have studied the frequency of 
neurobehavioral disorders in workers exposed to organic solvents in one of the publishing houses in Tehran. 

Methods: In this cross-sectional study, 510 workers of a publishing house, having been employed at least a 
year before the research, were selected to be studied. Among them, 345 workers had been exposed to organic 
solvents and the other (165 workers) had not. Data were collected using a questionnaire. This questionnaire in- 
cluded demographic and occupational information, and the Swedish Q16 questionnaire. Variables included age, 
duration of employment, working shift, and smoking. Then we compared both groups in terms of neurobehav- 
ioral disorders, using statistical methods. 

Results: The mean score of the Swedish Q16 questionnaire in the exposed group (4.8±4.4) was significantly 
higher than the non-exposed group (3.2±3.1) (p=0.001). According to the questionnaire score, the frequency of 
neurobehavioral disorders in the exposed group was 38% and in the non-exposed group was 22% (p=0.001). We 
estimated that the frequency of neurobehavioral disorders in the exposed group was significantly higher than the 
non-exposed group (p<0.05) using regression analysis and removal of the confounding factors. 

Conclusion: This study shows that the frequency of the neurobehavioral disorders in the exposed group is sig- 
nificantly higher than the non-exposed group. 
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Introduction 

Organic solvents are a group of aliphatic 
and aromatic organic compounds. Various 
industrial and chemical processes in indus- 
try are correlated with the properties of or- 
ganic solvents and this correlation leads to 
the workers' significant exposure to such 



materials (1). 

The National Institute of Occupational 
Safety and Health (NIOSH) estimated that 
about 9.8 million workers had been ex- 
posed to the solvents in early 1970s in US. 
(2). A great number of workers, all around 
the world, are exposed to the solvents due 
to their working in the plastics factories, 
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pharmaceutical and agricultural production 
plants, printing industries and laundries, 
and also as a result of their continual con- 
tact with paints, adhesives and detergents. 
The volatile and lipophilic properties of 
solvents make a significant amount of them 
enter into the body through inhalation of 
vapors and skin absorption. 

The workers' exposure to the organic sol- 
vents may cause various symptoms and 
complications. Such acute effects have 
been well recognized, and they have been 
mostly appeared to be in the central nerv- 
ous system (CNS). The main effect of sol- 
vents is the CNS depression, and depending 
on the severity of exposure, it may cause 
headache, dizziness, fatigue or even loss of 
consciousness and death (3). 

Researchers specified the chronic or de- 
layed neurotoxic effects of solvent expo- 
sure in the second half of the twentieth cen- 
tury (1). Workers exposed to the organic 
solvents complained of fatigue, amnesia, 
attention deficit and anxiety more than the 
non-exposed ones; it would be inferred that 
the long-term exposure to low doses of or- 
ganic solvents might impose some chronic 
effects on the central nervous system 
(4). Various terms have been used to ex- 
press those chronic effects such as chronic 
toxic encephalopathy, early dementia and 
painters' syndrome. The disorder is usually 
diagnosed through the patient's complains, 
the results of the neurobehavioral tests, and 
also the duration of solvent exposure at 
work. Epidemiologic studies in workers 
exposed to the solvents revealed high inci- 
dence of neurobehavioral effects in them. 
These effects include changes in their per- 
sonality, temperament or their intelligence 
function (5). Morrow proved that the anxie- 
ty and the mood disorders or depression 
increased in those painters exposed to the 
solvents (6). A number of studies showed 
that marginal atrophic disorders in brain or 
nerve conduction velocity deficit increase 
in workers exposed to organic solvents (3). 
The number of solvent exposed workers in 
industrial countries increases day by day 
and they deserve to receive employment 



compensation due to their neuropsychiatric 
disorders (5). 

With regards to the above mentioned 
studies, it is clear that exposure to the or- 
ganic solvents is one of the most important 
factors threatening the workers' health. Ac- 
cordingly, the workers' health assessment 
and screening them in terms of neurological 
symptoms is deemed essential. The Swe- 
dish Q16 questionnaire is a screening tool 
for neurotoxicity symptoms related to or- 
ganic solvents in workers, prepared by 
Hoqstedt and colleagues (7). The question- 
naire is commonly used in various re- 
searches for studying neurotoxic effects of 
solvent exposure. It is considered as a valid 
questionnaire, consisting of 16 short yes/no 
questions and dealing with the symptoms 
widely expressed by the solvent-exposed 
workers. Those respondents, who give 
positive answers to more than 6 questions, 
have to be referred to a physicians or psy- 
chiatrists for further examinations to ex- 
clude the possibility of organic brain dam- 
ages. Most of the studies are based upon 
the comparison between solvent-exposed 
workers and non-exposed ones, and they 
revealed that the average scores of the sol- 
vent-exposed workers in the Swedish Q16 
questionnaires were higher than the rest (4). 

This study evaluates the neurological dis- 
orders in a group of solvent-exposed work- 
ers using Swedish Q16 questionnaire in a 
publishing house in Tehran. 

Methods 

The following research is a cross- 
sectional study, and the studied population 
here is the workers of a publishing house in 
Tehran. They have been working in differ- 
ent parts of the institute, some of whom 
have been exposed to the solvents and oth- 
ers have not. Variables included age, medi- 
cation, occupation duration, smoking, shift 
working, exposure or non-exposure to the 
solvents and also the scores of Swedish 
Q16 questionnaire. Census is applied as the 
sampling method and the whole workers of 
the printing house became engaged in the 
research voluntarily and with full consent. 
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We studied 510 cases. Since they worked in 
different parts of the institute, 345 workers 
had been exposed to the solvents (the ex- 
posed group) and the remaining 165 had 
not (the non-exposed group). We considered 
office workers as non-exposed and the oth- 
er workers as exposed group. The inclusion 
criterion included at least one year of work- 
ing experience in the publication company. 
The average of working hours in one work- 
ing shift for workers in this publication 
house was 1 1 hours. The workers who suf- 
fered from previously diagnosed neurobe- 
havioral diseases and dementia, those who 
were exposed to the organic solvents in 
their previous career, and the workers who 
took other medications affecting the nerv- 
ous system were excluded from the re- 
search. Workers' exposure to the solvents 
was measured quantitatively; however in 
this survey only qualitative data was avail- 
able. According to the manufacture HSE 
team results, solvent concentrations were 



higher than occupational permissible limit 
in all parts of production units. 

By medication we meant those drugs 
which did not affect the nervous system, 
and the workers who took medications af- 
fecting the nervous system were excluded 
from the research. 

Data collection tools included demo- 
graphic information such as age, sex, dura- 
tion of employment, and the Swedish Q16 
questionnaire. This questionnaire is a 
screening tool for the neurotoxicity symp- 
toms and includes 16 questions about the 
neurotoxicity symptoms like fatigue, diffi- 
culty in concentration, decreased sexual 
desire, impaired short-term memory and at 
least once a week headaches, etc. The ques- 
tionnaire is presented as the primary and 
sensitive screening tool to detect the neuro- 
behavioral disorders of the continual expo- 
sure to the organic solvents (8). The validi- 
ty and durability of the questionnaire had 
been previously studied and proved (4). 



Table 1 . Mean and standard deviation comparison of studied variable in exposed and non-exposed group. 





Exposed group 


Non-exposed group 


p value 




(n=345) 


(n=165) 




Age (year) 


38.1±9 


34.2±1.2 


O.001 


Working hours 


11.4±1.7 


11.2±2.7 


0.231 


Working experience (year) 


14.8±8.8 


12.4±8.7 


0.008 


BMI (kg/m 2 ) 


26.15±3.65 


25.98±4.00 


0.058 


Swedish Ql 6 questionnaire score 


4.8±4.4 


3.2±3.1 


<0.001 



Table 2. Comparison of positive answers (percent) to each of Swedish Q16 questions in two studied groups 





Questions 


Exposed 


Non-exposed 


p-Value 






group 


group 




1 


Are you abnormally tired? 


39 


20 


<0.001 


2 


Do you often have a painful tingling in some part of your body? 


41 


17 


<0.001 


3 


Do you have heart palpitation even when you don't exert yourself? 


23 


13 


0.009 


4 


Do you often feel irritated without any particular reason? 


25 


11 


<0.001 


5 


Do you often feel depressed without any particular reason? 


30 


18 


0.004 


6 


Do you have problems with concentration? 


22 


13 


0.028 


7 


Do you forget easily? 


19 


7 


<0.001 


8 


Do you perspire without any particular reason? 


26 


14 


0.003 


9 


Do you often have problems with open and close buttons on your 


31 


13 


<0.001 




dress? 








10 


Do you generally find it hard to get the meaning from reading 


35 


20 


<0.001 




newspapers and books? 








11 


Have your relatives told you have a short memory? 


42 


46 


0.416 


12 


Do you feel pressure in your chest? 


29 


23 


0.146 


13 


Do you often have to make notes about what you must remember? 


48 


39 


0.051 


14 


Do you often have to go back and check things you have done 


47 


42 


0.288 




(locked the door ,etc) 








15 


Do you have headache at least once a week? 


8 


9 


0.846 


16 


Are you less interested in sex than what you think is normal? 


25 


9 


<0.001 




Abnormal test 


38 


22 


<0.001 
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Table 3. Comparison the percent of persons with smoking, shift work and drug use in two groups 







p-value 


Odds ratio 


95%CI 


Smoker N (%) 


21 (6.1) 8 (4.8) 


O.OOl 


2.96 


1.58-5.54 


Shift worker N (%) 


45(13.0) 21(12.7) 


O.001 


2.98 


1.95-4.56 


Drug user N (%) 


25 (7.2) 38 (23.1) 


0.006 


0.54 


0.34-0.84 



Table 4. Correlation of studied variables with frequency of neurobehavioral disorders according to regression analysis 



beta p value Adjusted odds 95%CI 


ratio 


Age 




0.01 


0.45 


0.98 


0.94-1.02 


smoking 




0.37 


0.18 


1.45 


0.83-2.53 


Working experience 




0.04 


0.06 


1.04 


0.99-1.1 


Shift working 




0.29 


0.19 


1.34 


0.85-2.11 


Education 


Illiterate and sixth grade a 
Guidance and high school 






1 






Without Diploma b 


0.3 


0.41 


0.73 


0.35-1.53 




Diploma c 


0.6 


0.06 


0.54 


0.28-1.04 




Associate degree d 


0.52 


0.19 


1.69 


0.76-3.76 




BA C and higher 


0.3 


0.59 


0.73 


0.23-2.3 


Exposure to solvents 




0.58 


0.02 


1.79 


1.07-3.02 



a: up to 6 years of education in school, b: Between 6-11 years of education in school, c: At least 12 years of education in 
school, d: An educational level between High school graduate and Bachelor of Science (at least 2 years of education in 
university), e Bachelor of Science. 



According to this questionnaire, if it con- 
tained 4 positive answers or more for the 
workers younger than 28-year old and 6 
positive answers or more for the 28-year 
old workers or older, then the respondent 
was supposed to be suffering from neuro- 
behavioral disorders (8). The information 
obtained by interviewing the workers com- 
pleted the questionnaires. We fill out the 
questionnaires in early shift for all of the 
employees. 

The study was approved by the ethics 
committee of the Tehran University of 
Medical Sciences. 

Statistical Analysis 

Mean, standard deviation (SD) and range 
of quantitative variables were calculated. 
The quantitative variables were analyzed 
using t-test and correlation, and the qualita- 
tive variables were analyzed using chi- 
square. The logistic regression analysis was 
applied to remove the effect of confounding 
factors. The data were analyzed using the 
SPSS software. 

Results 

A total of 510 workers of a publishing 
house included in this study; 345 of whom 
were exposed to the organic solvents and 
were considered as the exposed group and 



1 65 ones were working in other parts of the 
company where there was no exposure to 
the solvents and they were considered as 
the non-exposed group. The studied work- 
ers' average age was 36±10 years with a 
working experience of 14±8 years. Com- 
parison between the two groups in terms of 
age, sex, BMI (Body Mass Index), working 
experience, working hours and their Swe- 
dish Q16 questionnaire score is shown in 
Table 1. 

As can be seen, the average age and work- 
ing experience of the exposed group is sig- 
nificantly higher than the non-exposed 
group (p<0.05). The average Swedish Q16 
questionnaire score in the exposed group 
(4.8±4.4) is also significantly higher than 
the non-exposed group (3.2±3.1) (p=0.001). 
There was no significant difference be- 
tween the two groups in terms of other var- 
iables (weight and working hours). Table 2 
shows the percentage of positive answers to 
each question in the Swedish Q16 ques- 
tionnaire for both groups. As shown here, 
in most of the questions like depression, 
fatigue, anger, difficulty in concentration, 
feeling of amnesia, decreased sexual desire, 
and difficulty in comprehension, a signifi- 
cant relationship is recognized in the organ- 
ic solvent-exposed group. There was no 
significant difference between the exposed 
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and non-exposed groups for some questions 
of the questionnaire including amnesia in 
others' opinions, feeling of chest pressure, 
note-taking due to paramnesia, frequent 
review, and once a week headaches. The 
frequency of neurobehavioral disorders in 
the exposed group was 38% (according to 
the questionnaire scores) and that in the 
non-exposed group was 22% (p=0.001). 

The number of smokers in the exposed 
group (21%) was more than the non- 
exposed (8.3%). This difference was also 
statistically significant (p<0.001). The 
working shift in the exposed group (45%) 
was higher than the non-exposed group 
(21%), but the non-exposed group took 
more medications than the exposed group 
(Table 3). 

With regards to the significant difference 
between the exposed and the non-exposed 
group in terms of age, number of smokings, 
education, and working shift, the regression 
analysis was used to remove the effects of 
such variables known as the confounding 
factors. The frequency of the neurobehav- 
ioral disorders in the exposed group, due to 
the Swedish Q16 questionnaire scores, was 
higher than the non-exposed group (CI: 
1.07 - 3.02, OR: 1.79, p=0.02) (Table 4). 

Discussion 

In this research, we studied the neurobe- 
havioral disorders due to chronic exposure 
to the organic solvents using the Swedish 
Q16 questionnaire. This questionnaire has 
been widely used in various researches to 
study the neurotoxic effects of solvent ex- 
posure. In this research and according to 
the questionnaire scores, the frequency of 
neurobehavioral disorders in the exposed 
group is estimated to be higher than the 
non-exposed group. This finding is con- 
sistent with the results of previous studies 
having been carried out in this field. Most 
of the studies showed that the solvent- 
exposed workers received the average 
higher scores in the questionnaire related to 
the symptoms. The results of researches by 
Ihrig and colleague revealed that slightly 
increased mental complaints and reduced 



concentration are associated with chronic 
solvent exposures (9). Some researchers 
have warned about the high risk of psy- 
chopathy in painters and workers exposed 
to the solvents, which eventually leads to 
their early retirement. On the other hand, 
long-term exposure to high amounts of sol- 
vents might affect the aging process and 
reduce the cognitive symptoms (6); this is- 
sue may gain importance by increasing 
workforce age. 

In the present research, the frequency of 
positive answers in the exposed group for 
most of the questions in the Swedish Q16 
questionnaire (11 out of 16 questions) was 
more than the non-exposed group and only 
5 of the questions showed no significant 
relationship. Pouryaghoub and colleagues 
carried out a research and proved such 
positive relationship for just one question 
(depression) and found no significant dif- 
ference between the two groups in terms of 
other neuropsychiatric symptoms in the ex- 
posed group (10). Lundberg in his study 
applied the Swedish Q16 questionnaire and 
the psychometric tests to assess the neuro- 
logical symptoms in the workers exposed to 
the solvents (painters and carpenters) and 
found a strong dose-response relationship 
between the group exposed to the solvents 
and the number of positive answers to the 
questions in the Swedish Q16 questionnaire 
(including the prevalence of more than 6 
symptoms) (4). In the Nasterlack's re- 
search, those painters exposed to the organ- 
ic solvents showed higher temperament and 
behavioral symptoms than the non-exposed 
group. These symptoms were more associ- 
ated with their long term exposure to the 
solvents than their recent exposure (11). In 
most studies, the average 5 years exposure 
has been considered enough to assess the 
neurobehavioral symptoms (12). The aver- 
age working experience of the studied 
workers in the present research was 14 
years as the indicative of their long term 
and chronic exposure to the solvents. The 
results of the researches carried out by Wil- 
liamson, Winder, White, and Nilson re- 
vealed that the prognosis of CNS disorder 
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depends on the duration and the severity of 
exposure to the solvents and also to the 
time past from the last exposure (13, 14, 
15). ' 

In some researches no relationship was 
found between the organic solvent expo- 
sure and the neurobehavioral symptoms. 
Spurgeon and Bleeker did not detect any 
increase in the symptoms associated with 
the solvents in those people exposed to the 
organic solvents (16, 17). In the studies of 
Beheshti and colleagues, who studied the 
neurobehavioral symptoms in the workers 
of an automobile factory exposed to the 
organic solvents in 2002, no significant dif- 
ference was detected between the two 
groups in term of neurobehavioral symp- 
toms (8). 

The questionnaire applied here, is pre- 
sented as a screening tool to find the disor- 
ders due to the long term exposure to the 
organic solvents. Therefore, it was ex- 
pected to face with several false positive 
cases. The designers of this questionnaire 
recommended that the positive cases be 
confirmed by the physician's examination 
and the appropriate clinical examinations 
and psychological and neurophysiologic 
tests (17), the accomplishment of which 
were not possible for us due to our limited 
resources. 

The confounding factors such as age, edu- 
cation, drug abuse, alcohol, etc. could af- 
fect the results of the research. The studies 
of Colvin and colleagues on the workers of 
a paint production plant showed that some 
factors like age, education and alcohol con- 
sumption confound the neurobehavioral test 
scores (18). In the present research, we 
minimized the effects of such confounding 
factors by the use of regression analysis. 
We asked about medication, but we didn't 
ask about alcohol consumption. Because of 
our cultural limitations we had no possibil- 
ity to collect detailed information about 
drug and alcohol abuse. It was one of the 
limitations of our survey. The research de- 
sign was cross-sectional and that was an- 
other limitation. It is suggested that the fu- 
ture studies be prospective. Meanwhile, it is 



recommended that additional tests for 
screening the neurobehavioral disorders be 
applied in future studies. 

Conclusion 

The results of our study revealed that the 
prevalence of neurobehavioral disorders in 
the organic solvent exposed group was sig- 
nificantly more than the non-exposed group 
that it was correlated by other previous 
studies. If the results of the present research 
can be confirmed by further prospective 
studies, then the use of Swedish Q16 ques- 
tionnaire would be helpful in the periodic 
examinations of the personnel exposed to 
the organic solvents for screening the neu- 
robehavioral disorders. 
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